ORLD INTELLECTUAL PROPERTY ORGANTZA 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
D21F 5/04 



Al 



(11) International Publication Number: WO 99/18287 

(43) International Publication Date: 15 April 1999 (15.04.99) 



(21) International Application Number: PCT/FI98/00777 

(22) International Filing Date: 2 October 1998 (02.10.98) 



(30) Priority Data: 
973885 



3 October 1997 (03.10.97) 



FI 



(71) Applicant (for all designated States except US): VALMET 

CORPORATION [FI/FI]; Panuntie 6, FIN-00620 Helsinki 
(FI). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): VIRTA, Raimo [FI/FTJ; 
Ylitalontie 20, FIN-20300 Turku (FI). SAARIKIVI, 
Pekka [FI/FI]; Kappakuja 3, FIN-21260 Raisio (FI). 
KAIHOVTRTA, Juha [FI/FI]; Rautpohjankatu 1 B 20, 
FIN-40700 Jyvaskyla (FI). JUPPI, Kari [FI/FI]; Hiekkapo- 
hjantie 259, FIN-40270 Palokka (FI). MILOSAVUEVIQ 
Nenad [HR/FI]; Ankkurikylankatu 13 A 4, FIN-20240 
Turku (FI). 

(74) Agent: FORSSfiN & SALOMAA OY; Yrjonkatu 30, 
FIN-00100 Helsinki (FI). 



(81) Designated States: AL, AM, AT, AT (Utility model). AU t AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model), 
EE, EE (Utility model), ES, FI. FI (Utility model), GB, GD, 
GE, GH. GM. HR, HU, ID, IL, IS. JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, 
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG. SI, SK, 
SK (Utility model). SL, TJ, TM, TR, TT, UA, UG, US, UZ, 
VN, YU, ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, 
SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH. CY. DE, DK, 
ES, FI, FR, GB, GR, EE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 

In English translation (filed in Finnish), 



(54) Title: METHOD AND DEVICE IN THE DRYER SECTION OF A PAPER/BOARD MACHINE 




(57) Abstract 

The invention concerns a method and a device in the dryer section of a paper/board machine. In the dryer section a normal single-wire 
draw is applied at least partly, in which method the web (W) is passed through the dryer group on support of a drying wire (H). The drying 
wire (H) presses the web (W) on the drying cylinders (K n , Km-i...) against the heated cylinder faces, and on the reversing cylinders or 
rolls (S m Sn+i...) between the drying cylinders (10) the web (W) remains at the side of the outside curve. There is one integrated device, 
through which a support suction and/or blowing is produced in order to improve the runability of the web (W) and to keep the web (W) in 
contact with the face of the wire, and through which same device, additionally, impingement blowing is produced in order to dry the web 
(W) and/or to control its tendency of curling. 
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Method and device in the dryer section of a paper/board machine 

5 

The invention concerns a method as claimed in the preamble of claim 1. 
The invention also concerns a device as claimed in the preamble of claim 20. 

10 As is known from the prior art, in multi-cylinder dryers in paper machines, twin- 
wire draw and/or single- wire draw is/are employed. In twin-wire draw, the groups 
of drying cylinders include two wires, which press the web, one from above and the 
other one from below, against heated cylinder faces. Between the rows of drying 
cylinders, which are usually horizontal rows, the web has free and unsupported 

15 draws, which are susceptible of fluttering, which may cause web breaks, in particu- 
lar as the web is still relatively moist and, therefore, of low strength. This is why, 
in recent years, ever increasing use has been made of said single-wire draw, in 
which each group of drying cylinders has one drying wire only, on whose support 
the web runs through the whole group so that the drying wire presses the web on the 

20 drying cylinders against the heated cylinder faces, and on the reversing cylinders or 
rolls placed between the drying cylinders the web remains at the side of the outside 
curve. Thus, in single-wire draw, the drying cylinders are placed outside the wire 
loop, and the reversing cylinders or rolls inside the wire loop. 

25 It is known from experience that, if paper is dried one-sidedly, the result is a 
tendency of curling of the sheet. When paper is dried by means of normal groups 
with single-wire draw from the side of its lower face, and if such asymmetric drying 
is extended over the entire length of the dryer section, the drying takes place so that 
first the side of the bottom face of the paper web is dried, and when the drying 

30 makes progress, the drying effect is also spread to the side of the top face of the 
paper web. Thus, the dried paper is, as a rule, curled so that it becomes concave 
when viewed from above. From the point of view of runnability of the paper 



WO 99/18287 



# 



PCT/FI98/00777 



2 

machine, however, a dryer section with full support over its entire length and based 
on normal groups with single- wire draw, without inverted groups, would be a 
particularly justified solution. 

5 With respect to the prior art related to the present invention, reference is also made 
to the US Patent 5,600,898, in which an arrangement related to the control of 
curling in the dryer section of a paper machine is described. It is a drawback in said 
arrangement that it does not permit the use of a runnability component operating 
with the principle of blowing, which is a definite requirement when running takes 

10 place with open wires at high speeds. 

One of the objects of the present invention is to provide a solution which permits a 
dryer section based on normal groups with single- wire draw. 

15 In the solution of method and solution of equipment in accordance with the present 
invention, in its commonest embodiment, the web support function and the web 
impingement drying function have been accomplished by means of the same solution 
of equipment, which comprises one continuous hood, i.e. box construction, for the 
device. In accordance with the invention, said equipment extends into the pocket 

20 space between the drying cylinders and the suction roll that operates as a reversing 
roll so that air is removed out of said pocket space and/or an ejection blowing is 
produced in said pocket space along the wire, in which case the web is affixed to the 
wire face by means of a vacuum. Since, favourably, wires of high permeability are 
employed, application of the vacuum to the web in this way is possible. In accord- 

25 ance with the invention, by means of the same solution of equipment extending into 
the pocket space, impingement drying is also carried out. Preferably air, favourably 
heated air, or steam is employed. Within the scope of the present invention, an 
embodiment is possible in which, through the impingement drying unit, a part of the 
impingement drying air is passed through the interior of the box construction to the 

30 end of the box construction and/or further as an ejection jet and/or as a closing jet 
and/or as an exhaust blow jet at the inlet and outlet side of the suction roll in the 
vicinity of the wire/web. Thus, in a preferred embodiment of the invention, the 
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impingement drying hood extends onto the drying cylinder and further into the 
pocket space. 

In the embodiments defined in the sub-claims of the invention, it is suggested that 
5 the device be employed in certain areas of the dryer section, for example in the 
areas of the dryer section in which the dry solids content of the web is higher than 
60 %. In such a case, impingement drying is employed in particular for prevention 
and control of the curl of the web. 

10 The invention is characterized in what is stated in the patent claims. 

The present invention is applied in a dryer section in which a normal single-wire 
draw is applied at least partially. The dryer section may also be such that it is 
provided with impingement drying units. 

15 

Out of the impingement drying units, hot air/steam is blown through the wire onto 
the paper. By means of such an impingement drying unit, a considerable increase in 
the evaporating capacity is achieved. In such a case, the evaporation takes place to 
an increasing extent from the wire side on the cylinder. Owing to the increased 
20 evaporating capacity, the dryer section can be made of shorter length, and in this 
way economies can be obtained in the cost of construction of the hall. Owing to the 
increased evaporating capacity, the concept of the present invention can also be 
applied to modernizations, in which the available space is often quite limited. 

25 From the patent application JP 222 691/1993, a dryer section is known in which 
there is an impingement drying hood above all of the upper cylinders. Thus, it has 
been known from the prior art to enhance the evaporation taking place on a cylinder 
by ventilating the rear side of the wire or by blowing hot air partly through the 
drying wire. 

30 

By means of studies carried out on test devices, it has been established that the 
evaporating capacity that can be achieved depends highly extensively on the pennea- 
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bility of the wire. In order that an increase in the evaporating capacity could have 
economic significance, the permeability of the wire must be preferably in the range 
of 2000 ... 20,000 m 3 /h/m 2 (cubic metres per hour per square metre), preferably 
4000 ... 10,000 m 3 /h/m 2 . The permeability, i.e. permeability to air, of a wire H is 
5 the flow rate as cubic metres of air per hour that passes through an area of a size of 
one square metre of a wire when the pressure difference across the wire is 100 Pa. 

Formation of pressure in a closing nip is prevented so efficiently that no bag 
formation in the web takes place. One possible alternative solution is a runnability 

10 component, which prevents passing of air into a closing nip by means of suction and 
permits the use of an open wire, in which case evaporation from the top side of the 
web can be enhanced, for example, by means of solutions of the type of impinge- 
ment drying hoods. It is possible to employ a suction box that fills the whole pocket 
at the suction roll, which suction box is provided with preventive blowings at the 

15 edges in order to prevent leakage of air into the pocket. 

In the preferred case, the necessary portion of the dryer section or the whole dryer 
section consists of assemblies with the construction described above. It is a great 
advantage of this solution that there is no need for an inverted group, which is 
20 difficult in view of cleaning, and it is, nevertheless, possible to dry the web effi- 
ciently and even to regulate the drying capacity at the top side and bottom side of the 
web by means of the speed and temperature of the impingement drying air. 

In the present invention, impingement drying hoods are preferably placed in connec- 
25 tion with those cylinders only at which they provide a considerable effect either in 
the control of curl or in increasing the drying capacity. 

When the impingement drying is carried out through the wire, the paper is protected 
between the wire and the cylinder, and the paper cannot form folds which might 
30 collide against the impingement drying device and damage it. 
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Increased evaporation on the cylinder normally causes a lowering of the average 
temperature of the web and thereby somewhat reduces the evaporation taking place 
in the area of a free draw, but, on the other hand, the delivery of heat by the 
cylinder is increased, which increases the overall evaporation. 

5 

In the dryer section in a paper machine, in an area of single-wire draw, it is known 
from the prior art to employ various blow boxes or mnnability components in order 
to improve the mnnability of the dryer section. One such runnability component is 
described in the applicant's US Patent No. 4,905,380 (FI Patent 80,491), in whose 

10 arrangement, in a multi-cylinder dryer in a paper machine, for the purpose of 
supporting the web, combined blow-suction boxes are employed, which have been 
fitted in the gaps between drying cylinders and which are provided with a plane wall 
at the inlet side of the drying wire and the web, a nozzle opening or openings being 
opened at the edge of the wall, by means of which opening(s) an ejecting flow is 

15 blown in the direction opposite to the direction of movement of the adjacent drying 
wire, by means of which ejecting flow a field of vacuum is induced in the gap space 
between said wall and the straight run of the drying wire and the web and in the 
following wedge space. The blow-suction boxes that are used include a suction 
and/or closing compartment, by whose means the free sectors at the top of the 

20 reversing cylinders between the adjacent wedge spaces have been covered. In said 
patent, a so-called box of a whole pocket is described, which fills substantially the 
entire pocket space while taking into account the necessary safety clearances. 

It is a further object of the present invention to provide a solution in which, in the 
25 dryer section of a paper machine, the runnability is improved and, at the same time, 
the curl is controlled and the drying is enhanced, in particular in the dryer groups 
towards the final end of the dryer section. 

It is an object of the present invention in particular to provide an arrangement which 
30 is suitable for use in connection with wires more open than usual at high running 
speeds of paper machines. 
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In a preferred embodiment of the method in accordance with the present invention, 
when the dry solids content of the web is higher than 60 % , the web is dried through 
the wire by means of blowings produced by means of a blow box, by means of 
which blowings, on the straight runs of the paper web and the wire between the 

5 reversing cylinders or rolls and the drying cylinders, at the outlet side of the web 
and the wire, at the same time, the support contact between the paper web and the 
wire is enhanced in order to improve the runnability, and in the method a wire more 
open than usual is employed, whose permeability, i.e. penetrability to air, is 
2000 . . . 20,000 m 3 /h/m 2 and preferably 4000 . . . 10,000 m 3 /h/m 2 , in which case the 

10 drying of the web at the outlet side takes place both on the heated cylinder face of 
the drying cylinder and by means of drying blowings out of the blow box in view of 
controlling the tendency of curling of the web. 

In a preferred solution of equipment of the present invention, blowings that dry the 
15 paper web have been fitted to be produced by means of a blow box at the outlet 
side, which blowings have been fitted to be blown towards the web through the wire, 
the permeability of said wire being 2000 ... 20,000 m 3 /h/m 2 , and said blowings are 
applied to the web when its dry solids content has exceeded 60 % . 

20 According to an embodiment of the invention, in connection with dryer sections of 
paper machines that apply single-wire draw, a blow box or an equivalent runnability 
component is employed, by whose means, at the same time, improved runnability 
and control of curl and enhanced drying are achieved. The invention is applied in 
particular in the dryer groups towards the final end of the dryer section in a paper 

25 machine. The invention is applied in dryer groups in which the dry solids content of 
the paper web exceeds a desired limit value, for example, is higher than 60 %, 
preferably 65 %. The device in accordance with the invention comprises runnability 
nozzles and runnability/impingement drying nozzles, and in connection with the 
device in accordance with the invention, a drying wire is employed that is more open 

30 than normal, whose permeability is 2000 ... 20,000 m 3 /h/m 2 , preferably 4000 ... 
10,000 m 3 /h/m 2 , in particular for paper machines at which high speeds are 
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employed, for example 1000. . .2400 metres per min. , preferably 1200. . .2000 metres 
per min. 

In the dryer groups in the initial part of the dryer section, most appropriately so- 
5 called blow boxes of a whole pocket space are used, which boxes are known, for 
example, from the applicant's said US Patent 4,905,380, and from the desired dry 
solids content onwards, blow boxes in accordance with the present invention are 
used. In accordance with a preferred embodiment of the invention, the runnability/- 
drying blowings at the opposite side are continued over the drying cylinder as 
10 impingement-drying/through-drying blowings extending onto said cylinder, by means 
of which blowings the control of curl is enhanced further. 

In accordance with the present invention, a system is provided for two-sided drying, 
in which, in the drying area proper, in which the necessity of curl control is also 
15 emphasized, thus, more open wires are used, which permit blowing through the 
wire, and at the same time a blow box in accordance with the present invention is 
used for the control of runnability and curl. 

According to a preferred embodiment of the invention, in connection with the 
20 method in accordance with the invention and in connection with embodiments of 
equipment in accordance with the invention, as the drying fabric, a wire is employed 
whose face has been treated in order to improve the holding of the web in contact 
with the wire. Such a what is called sticky wire further ensures the keeping of the 
web on the face of the open drying wire. One such sticky wire is the wire marketed 
25 by Albany International with the product name Aerogrip™, and in respect of said 
wire reference is also made to the published EP Patent Application No. 0, 761,872. 
A sticky wire can also be accomplished, for example, in compliance with the 
principles suggested in the US Patent No. 5,397,438 (equivalent to FI Patent 
84,088). 

30 

By means of a blow box in accordance with the present invention, an efficient 
formation of a vacuum is produced at the inlet side by means of an ejection effect, 
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and the nozzle that forms a vacuum at the opposite side, i.e. at the outlet side, also 
operates as a nozzle that enhances the drying of the web, which nozzle dries the web 
from the side opposite to the face dried by the cylinder face, whereby the curl of the 
web can be controlled. This blow face of the opposite side can also be brought as an 
5 extension of the box by means of a separate system of ducts, or a drying box or a 
chamber completely separate from the box at the opposite side can be formed. 

Thus, at the inlet side, the device in accordance with the invention comprises a 
nozzle which blows in the direction opposite to the running direction of the web and 

10 which has been formed so that it blows into the opening passage in order to enhance 
the vacuum effect. The nozzles of the longitudinal direction can be provided 
separately with air ducts of their own. The blowings at the opposite side, or combi- 
nations of same, are formed so that they improve the runnability and enhance the 
drying of the web W, in which case, in the blowing, dry air is employed, and the 

15 blowing is preferably directed at the wire face, and the drying effect can be applied 
to the paper web through the wire that is more open than normally. When the device 
is composed of two separate boxes or chambers, at the inlet side preferably circula- 
tion air is used. The length of the blow face at the opposite side is not limited, but 
it may cover the cylinder over an area of up to 180°. 

20 

In the following, the invention will be described in more detail with reference to the 
figures in the accompanying drawing, wherein 

Figure 1 is a schematic illustration of an embodiment of the present invention in an 
25 area of normal single-wire draw in the dryer section of a paper machine, 

Figure 2 shows a second embodiment in an area of normal single-wire draw in the 
dryer section of a paper machine, 

30 Figures 3 is a schematic illustration of an inlet-side blow nozzle embodiment, and 

Figure 4 is a schematic illustration of an outlet-side blow nozzle embodiment. 
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Figure 5A shows a dryer section concept in accordance with the invention, in which 
the inverted groups have been substituted for by groups provided with impingement 
drying units, in which groups the running of the wire/ web is in the other respects the 
same as in a conventional group, but in which the drying cylinders are provided with 
5 impingement drying units. 

Figure SB is an axonometric view of an impingement drying group in accordance 
with the present invention as a separate illustration. 

10 Figure 5C shows a second embodiment of the introduction of the heating medium. 

Figure 5D is a detailed illustration of the construction shown in Fig. 5B. 

Figure 5E illustrates the operation of the frame portion of the hood that extends into 
15 the pocket space as a construction component that stabilizes the web, through which 
frame portion the jets of medium, preferably air jets, are supplied in order to 
remove air out of the pocket space / to stabilize the running of the web and to keep 
the web in contact with the wire face / to prevent access of air into the pocket space. 

20 Figure 6A shows a solution of equipment in accordance with the invention, in which 
the equipment comprises suction devices by whose means, on the whole, carriage of 
air is prevented in the pocket F into the nip between the wire and a suction cylinder. 

Figure 6B shows a solution in which the closing frame, i.e. a so-called closing 
25 block, comprises suction devices, by whose means air is sucked from the interior of 
the block out of the suction chambers, into which it is sucked from between the 
block and the wire as well as from the front side of the block. 

Figure 6C shows a solution in which a curtain jet is used in order to prevent access 
30 of air into the space between the closing block and the wire. Further, the solution of 
equipment comprises a suction chamber, by whose means air is sucked from between 
the side face of the block and the wire. 
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Figures 7 A ... 7D are schematic illustrations of preferred embodiments of the inven- 
tion. 

Figure 7E is a schematic illustration of an embodiment of the invention in which, 
5 through a separate perforated face or equivalent, impingement drying air is applied 
to the wire face and through the wire into connection with the web in connection 
with the drying cylinder, and in which air is removed from the face of the wire 
through separate exhaust ducts or pipes and said air is transferred into an exhaust 
chamber and further through the chamber out of connection with the construction. 

10 

Figures 8 A ... 8B are schematic illustrations of an exemplifying embodiment of the 
invention, in which, in an area with single-wire draw in the dryer section of the 
paper machine, an impingement drying unit has been fitted, by whose means the 
evaporation is enhanced and a good runnability is maintained. 

15 

Figure 9 is a schematic illustration of a preferred exemplifying embodiment of the 
invention, in which the wall of the runnability unit is corrugated. 

Figure 10 is a schematic illustration of an exemplifying embodiment of the inven- 
20 tion, which is provided with gap spaces between blow blocks and between an ejector 
part and a blow block for the purpose of removal of air. 

In the dryer groups shown in Figs. 1 and 2, of which there are schematic illustra- 
tions in part in the figures, in the upper row RY, there are steam-heated drying 

25 cylinders 10. On its outer face, the drying wire 17 carries the paper web W through 
the dryer group and presses the web against the heated faces of the cylinders 10 so 
that an evaporation drying effect is produced. Below the drying cylinders 10, in the 
lower row RA, there are non-heated reversing cylinders 14. On the reversing 
cylinders 14, the web W remains at the side of the outside curve on the outside face 

30 of the wire 17. On the reversing cylinders 14 the web W is kept reliably on support 
of the wire 17 against the effect of centrifugal forces by the effect of a vacuum 
present in the grooved face of the reversing cylinders 14 or on the perforated mantle 
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of a corresponding suction roll, whereby shrinkage of the web W in the cross 
direction is also counteracted. As the reversing suction cylinders 14, particularly 
favourably the suction cylinders marketed by the applicant with the trade mark 
VacRoll™ are used, which cylinders have no inside suction box and in respect of 
5 whose construction details reference is made to the applicant's FI Patent No. 83, 680 
(equivalent to US Patents Nos. 5,022,163 and 5,172,491). 

In accordance with the invention, the support contact of the web W and the drying 
wire 17 is kept adequate on the straight runs between the drying cylinders 10 and the 

10 reversing cylinders 14 by, on the runs taking place from the drying cylinders 10 to 
the reversing cylinders 14, employing blow-suction boxes 20, by whose means a 
vacuum is produced on both of said free wire runs and even in the whole pocket 
space and, in particular, formation of pressures induced by the wire 17 and by the 
roll 14 is prevented in the closing wedge-shaped nip spaces between the wire 17 and 

15 the mantles of the reversing cylinders 14. Thus, the blow suction boxes 20 are 
understood as blow boxes at which the blowing of air produces a vacuum, and said 
boxes 20 are not connected to sources of vacuum. 

The groups of drying cylinders shown in Figs. 1...2 are dryer groups placed towards 
20 the final end of the dryer section in the paper machine. Before/after the parts of 
dryer groups shown in Figs. 1... 2, in the dryer section, there can be one or several 
groups with single-wire draw similar to those shown in the figures. Of course, a 
dryer section can also include dryer groups of other types or parts of same. 

25 As is shown in Figs. 1...2, in the pocket spaces in the gaps between the drying 
cylinders 10 and the reversing cylinders/rolls, there are combined blow-suction 
boxes 20, by whose means the free sectors at the top of the reversing cylinders 14 
are covered as completely as is permitted by safety clearances. The blow-suction 
boxes 20 comprise an upper wall 28, a lower wall (not shown in the figure), and 

30 side walls 25 and 26 as well as end seal walls 29, which have a curved lower edge 
29V following the outer face of the mantles of the cylinders 14, which lower edge 
29V is placed at the distance of the gap V from the mantle 18. 
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In the embodiment as shown in Fig. 1, in the pocket spaces placed between the 
drying cylinders 10 in the upper row RY and the reversing rolls or cylinders 14 
placed in the lower row RA as interlocking with the drying cylinders, which pocket 
spaces are partly defined by the wire 17, there are blow-suction boxes 20, in which 

5 the blowing Pj at the inlet side is an ejection blowing, by whose means the vacuum 
effect is enhanced in order to improve the runnability, and at the outlet side, drying 
blowings P 2 are blown out of the box 20 towards the cylinder 10 face, which 
blowings P 2 , at the same time, improve the runnability. The wire 17 is more open 
than usual, in which case the drying of the web W takes place both by means of the 

10 heated cylinder face and by means of the blowings P 2 . In this exemplifying embodi- 
ment, the blow box 20 has been formed as a single unit. The side wall 26 of the box 
20 at the outlet side complies with the face of the adjacent cylinder 10 at the distance 
of the necessary safety clearance. From direct vicinity of the bending point between 
the side wall 26 and the top wall 28, a runnability /drying blowing P 3 can be blown 

15 in the running direction of the web W. 

In the embodiment as shown in Fig. 2, the blow-suction box 20 is composed of two 
chambers 21, in which case, in order to produce the runnability blowing Pj, circula- 
tion air can be employed, and for the drying blowings P 2 there is a blow chamber 
20 22 of their own, which can also extend over the drying cylinder 10 as an impinge- 
ment-drying/through-drying unit on the desired covering angle, e.g. 120°, even up 
to 180°. The chamber 22 may also extend down to the bottom wall. Into the 
chamber 22, dry air is passed for the drying/runnability blowings P 2 and for the 
drying/runnability blowing P 3 as a flow P 4 along a duct (not shown). 

25 

Fig. 3 shows the nozzle 23 of the ejection blowing Pj at the inlet side, which nozzle 
is opened into a pass-like space TA between the nozzle wall 25A of the box 20 and 
the adjacent cylinder 10. The blowing Pj produces a vacuum in the space SA. 

30 Fig. 4 shows the production of the runnability and drying blowings P 2 at the outlet 
side by means of nozzles or holes 24 of direct blowing. 
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Fig. 5A illustrates a preferred dryer section concept in accordance with the inven- 
tion, in which, as an example, there are six groups of drying cylinders, i.e. the 
groups Rj...Ry|. In the concept of this figure, every second group is a group of 
drying cylinders provided with an impingement drying unit. In Fig. 5A, a group R n 

5 is shown, in which there is a wire draw H 2 and in which the wire is passed over 
alignment -rolls onto the first suction roll Sj placed in the lower plane RA, and from 
said VacRoIl onto the heated drying cylinder Kj* placed in the upper horizontal 
plane RY, which cylinder includes an impingement drying unit above the cylinder, 
through which unit drying medium, preferably heated air or superheated steam, is 

10 passed through the wire onto the web W. 

In Fig. 5A, in the group Rq, the impingement drying unit 100 is placed in the group 
of drying cylinders on the drying cylinder K' t at the top of the first drying cylinder 
K\. In the group R n , the wire and the web run onto the lower reversing roll, 
15 preferably a suction roll S' 2 , and from the suction roll back onto the drying cylinder 
K 2 placed in the plane RY, which cylinder K 2 is provided with an impingement 
drying unit 101 placed on a sector of 180°. In such a case, drying medium is passed 
into connection with the web W on a sector of 180°. 

20 From the drying cylinder K* 2 in the group R n of drying cylinders, the web and the 
wire are passed, meandering in loop shape, onto the reversing roll S* 2 and from the 
reversing roll S* 2 again onto the heated drying cylinder K* 3 placed in the plane RY, 
which cylinder is provided with an impingement drying unit 102 placed on an inlet 
sector of 90°. The reversing rolls S n ,S n+1 ... are preferably suction rolls, which are 

25 provided with perforations passing through the mantle. They may be provided with 
a suction box placed in the interior of the mantle, or they may be rolls with no 
suction box in the interior, for example rolls of the VacRoll type. They may also be 
reversing rolls into whose circumferential grooves a vacuum is produced out of the 
pocket space, out of a suction box that is placed in the pocket space and that 

30 produces a vacuum. An embodiment is also possible in which the vacuum is applied 
to the interior of the roll through perforations passing through the roll into the 
pocket space by means of a suction box or by means of a corresponding construction 
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that produces/transfers a vacuum. In such a case, the roll itself is free from suction 
boxes and comprises a perforation through the mantle. Thus, as is shown in Fig. 5 A, 
all the drying cylinders K\...K 9 3 in the group R n are provided with impingement 
drying units, the first drying cylinders K'j being provided with impingement drying 
5 devices on a sector of 90° on the latter outlet half of about 90° of the covering area 
of the drying cylinder. On the middle drying cylinder K' 2 there is an impingement 
drying unit on almost the whole covering area, i.e. on a sector of about 180°, and 
on the last drying cylinder K' 3 the impingement drying unit is placed on a 90° inlet 
sector. 

10 

The web W is passed from the drying cylinder K' 3 into the next group R in onto its 
first reversing roll, preferably a suction cylinder (VacRoll) S^ 1 , and over said 
VacRoll onto the drying cylinder Kj" placed in the plane X 2 and further in the 
conventional way in the group R ffl with single- wire draw. The group R m does not 
15 include impingement drying units. The next group Rjy again comprises impingement 
drying units in accordance with the invention, similarly to the group R n . Thus, in 
connection with a transfer from group to group, an inverted group and one-sided 
drying have been replaced by impingement drying. 

20 In a dryer section as shown in Fig. 5A, it is also possible to employ prior-art blow 
or suction boxes (f), for example blow boxes marketed by the applicant with the 
trade name UnoRun Blow Box, in order to secure an undisturbed run of the web 
along with the wire from a cylinder onto a lower roll. 

25 Fig. 5B illustrates the introduction of the heating medium into the group R n shown 
in Fig. 5A. Out of the pipe 150, hot heating medium is passed through the branch 
ducts 160a l5 160a 2 and 160a 3 into the boxes or hoods 170a!, 170a 2 and 170a 3 of the 
impingement drying units 100,101,102 extending across the width of the cylinders. 
Through the boxes, the heating medium is distributed uniformly into connection with 

30 the wire and through the wire into connection with the web W, which is placed in 
contact with the heated drying cylinder Kj\K 2 ',K 3 \ In the embodiment shown in 
Fig. 5B, the drying medium, such as superheated steam or heated air, is passed into 
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the boxes 170a l ,170a 2 ... and further through the discharge face of heating medium 
in said boxes into connection with the wire H and through wire onto the web W. In 
the embodiment shown in Fig. 5B, there is no separate exhaust duct, but the heating 
medium that has been passed to outside the hood is passed from the interior of the 
5 hood of the paper machine out through the circulation of air. 

In the embodiment shown in Fig. 5B, the air is taken from the paper machine hall 
or from the hood of the paper machine in the way illustrated by the arrow L lt being 
made to flow by means of a centrifugal blower Ej into a heating unit 13, which may 
be a heat exchanger construction, in which air is heated, for example, by means of 
steam or by means of a separate burner. In the figure, the heated air is transferred 
from the duct 14 further into the duct 15 and from it into the branch ducts 16a t , 
16a 2 ... and further into the impingement drying units 100,101,102... In the embodi- 
ments shown in Figs. 5A...5D, the hood R intended for passing of the impingement 
drying medium also extends into the pocket space F in respect of its portion R'\ 
which pocket space is formed between the drying cylinders K^R,^, the reversing 
roll and the roll S n placed below said rolls. In the solution shown in Fig. 5B, besides 
as impingement drying air, air is also introduced for an air flow that supports 

the run of the web to the portion of the run of the web that is not supported by the 
wire. Said jets Pi,P3 produce a vacuum in the space between the hood R and the 
wire, by means of which vacuum a suction effect is applied to the web W through 
the wire, and the web is kept in contact with the face of the wire H. 

Fig. 5C shows an embodiment of the invention that is in the other respects similar 
25 to Fig. 5B, but in the solution of Fig. 5C, removal of the impingement drying 
medium from the interior of the unit 100,101... has also been arranged. As is shown 
in Fig. 5C, impingement drying or heating medium is additionally removed from the 
interior of each unit 100,101,102 through the ducts 18aj,18a2,18a3 into a collecting 
duct 19 and from it further into the duct 20 in the way indicated by the arrow 1^. 
30 Said exhaust air or steam can be circulated in the way indicated by the arrow 

through the blower Ej into the duct 14, or said exhaust air flow that has been passed 
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into the duct 20 can be passed by means of the blower E2 directly out of the equipment. 

A part of the air that has been passed into the duct is passed to the end of the hood 
R and further into the pocket space F as a support/suction/prevention air that 
5 improves the runnability, in which connection the operation is similar to that illus- 
trated in the embodiment shown in Fig. 5B. The air jets Y x and P 3 are passed into 
the pocket space F onto the straight portions of the web/wire run and as parallel to 
them. 

10 Fig. 5D shows a preferred embodiment of the hood R, which can be applied, for 
example, in the embodiment shown in Fig. 5B. In Fig. 5D, two units 100 are 
shown. Each unit 100 comprises a hood R, which extends into the pocket space F 
between the drying cylinders K n ,K n+1 and the suction roll S n . As is shown in Fig. 
5D, the impingement drying medium P 2 is passed through a highly permeable wire 

15 H into connection with the web W, and a part of the impingement drying air is 
passed through the interior of the hood R into the lower pocket space F shown in the 
figure, into which a portion R" of the hood R extends. From said portion R" of the 
hood R, a medium jet Pj is produced along with the wire and, thus, a vacuum is 
produced, whereby the web W is kept on the face of the wire also on the run of the 

20 web on which the wire H does not support the web W. In the embodiment shown in 
Fig. 5D, in the end part R" of the hood R, there are means that produce an ejection 
jet Pj, through which means the run of the web W is supported at the outlet side of 
the suction roll S n by producing a suction hold of the web W on the wire face. By 
means of said jets, air is also removed from the pocket space F. As is shown in Fig. 

25 5D, the solution of equipment also includes means that produce an ejection jet P| at 
the outlet side of the pocket space F in the second hood R, by means of which 
means entering of excessive air between the hood R and the wire H is prevented, 
and by whose means air is removed out of the pocket space F. In the embodiment 
shown in Fig. 5D, the hoods R of the adjacent units 100 form a unit fitting together, 

30 in which case the pocket space F is fully closed outwards with no access of outside 
air. 
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As is shown in Fig. 5E, the jets Pj operate, besides as curtain jets, also as jets that 
induce an air flow out of the pocket space F. The function of the jets Pj is to 
prevent access of an air flow into the pocket space F, and they remove air out of the 
pocket space F, i.e. they induce an exhaust air flow on the straight portions of the 
5 run of the web. In such a case, additionally, they produce a vacuum, by whose 
means the web W is kept in contact with the wire H. 

In the embodiments of the invention shown in Figs. 6A...6C, the construction is 
related to a dryer section and to a single-wire draw in which the web W runs along 

10 the face of the drying cylinder between the wire and the face of the drying 
cylinder, and the web is passed further onto the reversing roll S n . The reversing 
rolls S n can be suction rolls of the VacRoll type, in which case they include no 
suction box in their interior. In such a case, a vacuum is sucked into the space in the 
interior of the roll and applied through the perforations in the roll mantle to outside 

15 the roll. In such a case, the bores passing through the roll mantle may terminate in 
grooves, which run on the mantle face, being preferably circumferential grooves. 
The reversing rolls S n can also be rolls provided with a suction box, which rolls 
comprise perforations passing through the roll and an inside suction box. The rolls 
may also be grooved rolls, in which case suction is produced in the grooves by 

20 means of the exhaust suction produced by the suction box fitted in the pocket space. 
At the reversing roll S n , the web W runs outermost on the face of the wire H and 
further onto the second drying cylinder The drying cylinders K^,!^... are 
steam-heated drying cylinders, and, in the way described above, the reversing roll 
S n can be a roll of the VacRoll type, through whose mantle perforations pass, which 

25 terminate preferably in annular grooves. In such a case, by means of a vacuum 
produced in the interior of the reversing roll S n , the web W is kept in contact with 
the wire face also at the reversing roll S n , at which the web runs outermost. 

In the following Figures 6A...7D, some preferred embodiments of the invention are 
30 illustrated and described. Impingement drying jets for drying of the web W 
(board/paper) are denoted with the reference arrows P 2 , and runnability jets for 
supporting the web W and for improving the runnability are denoted with the 
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reference arrows P|,P3- The hood R in accordance with the invention, through 
which the impingement drying medium and runnability medium, such as air, is 
passed, is a box-like construction which extends across the entire machine width. 

5 Fig. 6 A shows a solution of equipment in which air is sucked from the interior of 
the pocket space F, preferably so that the intake sides of the suction means Oi,0 2 , 
preferably blowers, are connected to the pocket F between the drying cylinder K^, 
the suction roll S n , and the drying cylinder K n , preferably to the vicinity of the nip 
N t at the inlet side of the suction roll S n . 

10 

As is shown in Fig. 6 A, the intake sides of the blowers O x and 0 2 are connected to 
the pocket space F so that, by means of said blowers, air is removed out of the 
pocket space F as suction, and the ducts at the output side of said blowers Oj and 
0 2 have been fitted to pass through conditioning units 50,51, by whose means said 

15 air is dried and/or heated and passed through the perforated face or equivalent of 
the hood R into connection with the drying cylinder K^. The perforated face is 
fitted to be curved along the drying cylinder. Thus, in the solution of equipment 
shown in Fig. 6A, air in the pocket space F is utilized. First, the pocket space is 
stabilized so that fluttering does not arise in the web W, and the air in the pocket 

20 space is utilized further so that it is passed through drying and/or heating as 
impingement drying air into connection with the drying cylinder Kq so as to dry the 
web and to increase its dry solids content and/or to control its tendency of curling. 

In the embodiment shown in Fig. 6B, by means of a blower, a vacuum pump or an 
25 equivalent 0 3 device, a vacuum is produced in the space Dj inside and at the top in 
the hood R. Through the opening n^ provided in the top portion of the space at 
the top of the hood R, air is sucked out of the space between the drying cylinders 
and K^j, and thereby access of air into the inlet-side nip between the suction roll 
S n and the wire H is prevented, at which nip the air would produce a pulse of 
30 pressure and, thereby, fluttering of the web W. The embodiment of the invention 
also comprises a second blower, pump or an equivalent device 0 4 , by whose means 
a vacuum is produced in the other space D 2 inside the hood R, and by means of the 
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vacuum air is sucked through the opening m 2 in the hood R out of the space between 
the straight surface portion 55a and the wire H into the space, i.e. compartment D 2 
and further out of said compartment. Into the space D 2 , air is also sucked by means 
of the pump 0 4 from above the reversing roll S n through the perforations m 3 
5 provided in the curved perforated face of the hood R. 

If the reversing roll S n is a suction cylinder, a vacuum is sucked into its interior 
through the perforations m 3 in the hood R. In this embodiment, the chamber D 4 may 
be provided with the perforations m 3 only, with no lateral perforations m 2 . 

10 

In the solution of equipment of Fig. 6B, by means of the pump 0 3 , the air that has 
been sucked through the opening m l is blown further through a possible drying unit 
50 and/or heating unit 51, if any, and further through the perforated face Ra or 
through a corresponding face placed in compliance with the roll K,^ as impingement 
15 drying P 2 through the wire H into connection with the web W so as to dry the web 
and/or to control its tendency of curling. The impingement drying P 2 takes place 
through the perforated face Ra of the hood R. 

Fig. 6C shows an embodiment of the invention in which blowing is passed into the 
20 interior space in the hood R, i.e. into the compartment D t , by means of a blower 
0 5 . Out of the space in the interior of the frame 55, i.e. out of the second compart- 
ment D 2 , air is sucked by means of a pump 0 6 out of the space between the straight 
face 55a of the frame 55 and the wire H through the opening m 2 provided in the side 
face 55a of the frame 55, as was the case in the preceding embodiment, or also from 
25 the top of the reversing roll S n through the openings m 3 . 

In the embodiment of Fig. 6C, the air is blown out of the compartment Dj to 
constitute impingement drying air and closing air. Thus, the air blown into the 
compartment Dj is guided as a sealing/curtain jet into the pocket space F to the inlet 
30 side through the opening m 30 in the hood R, as well as to constitute impingement 
drying air, in which case the air is first made to flow into the passage 70 and from 
the passage 70 through the nozzle openings tj,t 2 ... or equivalent in the air discharge 
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face Ra into connection with the wire H and further with the web W. The passage 
70 is opened into the space D v 

Within the scope of the embodiment shown in Fig. 6C, it is also possible to employ 
5 the air that has been sucked into the compartment D 2 as impingement drying air. 

Within the scope of the present invention, an embodiment is also possible in which 
the reversing roll S n is just a roll with a grooved face, which does not include 
perforations passing through the mantle. In such a case, the vacuum is produced into 

10 the grooves by means of the equipment shown in Figs. 6B and 6C. In the chamber 
space in the hood R, i.e. in the compartment D 2 , a vacuum is produced, and air is 
sucked into said space out of the grooves of the non-perforated reversing roll S n . 
Thus, the grooves are subjected to a vacuum, and by means of said arrangement the 
web W is kept in contact with the wire H face also on the runs of the web on which 

15 the web W is placed at the side of the outside curve. 

In the embodiment of the invention shown in Figs. 7A...7D, the hood R is a box- 
like construction which extends across the machine width. The chamber space or 
compartment in the interior of the hood R is denoted with the reference Dj. 

20 

Fig. 7A shows an embodiment in which air is made to flow into the frame part R M 
of the hood R, extending into the pocket space F. Air is made to flow out of the 
frame part R n into the space 80 between the curved face R' of the frame part and the 
wire H and, in the direction opposite to the sense of rotation of the drying cylinder, 

25 further in said annular passage 80. As is shown in the figure, the impingement- 
dry ing/runnability units 110,111,112 have been fitted in connection with the drying 
cylinders K^K^ j.. . and the pocket spaces F between said cylinders. As is the case 
also in the preceding embodiments, the web is passed in connection with the dryer 
section so that, in connection with the reversing rolls S n ,S n+1 , the web runs outer- 

30 most, in which case the reversing rolls S n ,S n+1 are preferably suction rolls. In 
connection with the drying cylinders K^K^ { . . . , the web W runs in contact with the 
faces of the drying cylinders, and the wire H runs outermost. The permeability of 
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the wire H shown in Fig. 7A is similar to the values stated above, i.e. the permea- 
bility is in the range 2000 ... 20,000 m 3 /h/m 2 (cubic metres per hour per square 
metre), and preferably 4000 ... 10,000 m 3 /h/m 2 . The frame R, which is also called 
hood in the present patent application, comprises an intake duct 90 in each of the 

5 units 110,111,112, and in the unit 110 there is also an exhaust duct 91. Drying 
medium, preferably air or steam, is passed into the interior of the hood R into the 
space Dj through the duct 90 in the way illustrated in the figure, and out of the 
frame part R M of the hood R extending into the pocket space F, the medium is 
passed through the duct opening m 30 in the hood along the annular passage 80 

10 between the curved portion R' of the hood R and the drying cylinder Kj into the 
exhaust duct 91. For example, in connection with the unit 110, it is possible to 
circulate the air from the passage 80 into the duct 91 and further, through a blower 
not shown, back into the duct 90, preferably through drying/heating. 

15 As is shown in Fig. 7A, the second unit 111 comprises a mechanical seal J on the 
hood portion R" of the hood R extending into the pocket space F. The seal is placed 
between the hood R portion R M and the reversing roll S n+2 - 

In the embodiment of Fig. 7A, the second unit 111 is similar to the first unit 110, 
20 but, in stead of a mechanical seal J, it is provided with a jet P lt which is produced 
out of the opening m 50 in the hood. A part of the air passed into the hood portion 
R" of the hood R extending into the pocket space F is guided as a curtain jet Pj 
against the reversing roll S n+1 , whereby access of air from the pocket space F into 
the gap between the hood R and the connected constructions is prevented. 

25 

In the embodiment shown in Fig. 7 A, the third unit 112 comprises a hood R portion 
R" extending into the pocket space which comprises, after the drying cylinder 1^+2* 
portions R 10 parallel to the straight wire run / web run as well as a curved portion 
placed against the reversing roll S a+3 . At the inlet side of the pocket space F, there 
30 is an opening m 30 in the hood, and further down, there is additionally an opening 
m^, through which an air flow is passed into the passage 80 at the inlet side of the 
pocket space F, into the gap between the curved portion R' of the frame and the 
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drying cylinder Since * c wire H is highly permeable to air, said warm/dry 

air in the passage 80 is also carried into connection with the web W and promotes 
the drying of the web W. At the units 111 and 112 in Fig. 7 A, the passage 80 
terminates in the open air space. 

5 

Thus, as is shown in the figure, the unit 112 also includes an opening m 40 at the end 
of the frame R portion R M extending into the pocket space F, through which opening 
an air flow is passed as parallel to the straight wall portion R 10 of the frame R. Said 
air flow produces a vacuum between the frame R and the wire H, in which case said 
10 vacuum, because the wire is highly permeable to air, promotes adhering of the web 
W to the face of the wire H on said straight portion. At the unit 112, at the outlet 
side of the pocket space F, there is an opening m 30 , out of which air is sprayed as 
a preventive jet to the mouth of the pocket space F so that, by means of said jet, 
additionally an air flow is induced out of the pocket space F. 

15 

Fig. 7B shows an embodiment of the invention in which the hood R extends into the 
pocket space F and to above the drying cylinder K n+1 ;K n+2 - placed after the 
pocket space F. The hood R portion R" extends into the pocket space F. From the 
interior of the hood R, the jets P b P 3 and the impingement drying jet P 2 are 
20 produced. The jets Y l and P 3 operate as so-called sealing jets, by whose means a 
flow past the jets into the pocket space F is prevented, and by whose means, 
additionally, an exhaust air flow out of the pocket space F is induced. 

In connection with Fig. 7B, the impingement drying units are denoted with the 
25 reference numerals 113, 114 and 115. The duct of supply of the impingement drying 
air / runnability air is denoted with the reference numeral 90, and the outlet duct of 
the exhaust air with the reference numeral 91 . In connection with the unit 1 15, there 
is no exhaust duct 91, but the air is discharged out of the outlet side end of the hood 
R, and no separate exhaust suction, of the sort used in the case of the units 1 13 and 
30 1 14, has been employed. 
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As is shown in Fig. 7B, into the first pocket space F the unit 113 has been fitted so 
that the hood R portion R" of the unit 113 extends into the pocket space F and has 
a shape corresponding to the shape of the pocket space. The sides of the frame 
portion R" are parallel to the straight portions of the wire runs, and the end of the 
5 frame portion R" complies with the curve form of the reversing roll S n . Air is 
removed from the interior of the reversing roll S n through the chamber D 2 placed in 
the end of the frame portion of the hood R extending into the pocket space. In such 
a case, the reversing roll S n is a perforated suction cylinder. In the chamber space 
D 2 , a vacuum is produced by means of a blower device. 

10 

Into the unit 113, a chamber space D 2 has been formed, out of which air is sucked 
so that air is removed through the chamber out of the pocket space F. Similarly, in 
the unit 113, in its frame portion R" at the mouth of the pocket space F, both at the 
inlet side and at the outlet side, jets Pj and P 3 are produced, by whose means access 

15 of air into the pocket space F is prevented and by whose means flow of air is 
induced out of the pocket space F. Through the duct 90, air is passed into the 
interior of the frame R, i.e. the hood, which air is preferably dry and/or heated air. 
Said air is transferred from the interior of the hood R further, for example, through 
the perforations t t ,t 2 ... in the air discharge face Ra of the hood, whose curve form 

20 corresponds to the curve form of the cylinder K n+1 , into connection with the wire 
H and further with the web W to constitute impingement drying air. Said impinge- 
ment drying is illustrated by the arrows P 2 . As is shown in Fig. 7B, air is also 
removed through the ducts gj and g 2 ... out of connection with the wire H and the 
web W. Air is removed through the ducts, preferably pipes gi>g 2 ..., into the 

25 chamber space D 4 of the hood R. Out of the chamber space D 4 , air is removed 
through the exhaust duct 91. The ducts gi»g 2 ... are opened to outside the hood R, 
and from the opposite end into the chamber space D 4 (illustrated in more detail in 
Fig. 7D). 

30 The hood of the second unit 114 in Fig. 7B fills the pocket space F and corresponds 
to the shape of the construction parts connected with it. When air is passed through 
the duct 90 into the interior of the hood R into the space Dj, it is passed into the 
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frame portion R" of the hood R extending into the pocket space and from there 
further as a curtain jet P 3 to the outlet side of the pocket space F. At the inlet side 
of the pocket space F, there is a mechanical seal J, which has been substituted for 
by a jet Pi at the unit 113. 

5 

The frame portion R M of the hood R extending into the pocket space F at the unit 
115 extends just halfway into the pocket space F. There is no duct 91 for the exhaust 
air, nor an exhaust chamber D 4 . In the other respects the embodiment is similar to 
the preceding embodiments. 

10 

In Fig. 7C, the impingement drying / runnability units are denoted with the refer- 
ence numerals 116, 117 and 118. The drying cylinders are denoted with the refer- 
ences K n> K n+lf K n+ 2. and the reversing rolls are denoted with the references 
S ir S n+l' S n+2- ^ duct ***** P asses the medium flow, preferably flow of dried air 
15 or steam, into the interior of the hood R is denoted with the reference numeral 90, 
and the flow ducts passing out of the interior of the hood R are denoted with the 
reference numerals 91 and 92. 

Fig. 7C shows an embodiment of the invention in which the same hood R has been 
20 fitted to extend in connection with both of the drying cylinders and K n fitted 
both at the inlet side and at the outlet side of the pocket space F, so that said hood 
R additionally extends into the whole pocket space F. The outer face of the hood R 
has, additionally, been shaped so that it has curved faces which correspond to the 
shape of the faces both of the drying cylinders K^K,^... and of the reversing roll 

25 S n ,S n+1 ... in their vicinity. In the embodiment shown in Fig. 7C, air is passed, 
similarly to the embodiment of Fig. 7A, through the flow opening m 30 in the hood 
R into the narrow space 80 or passage between the curved frame portion R' of the 
hood R and the drying cylinder K n and in the direction opposite to the sense of 
rotation of the drying cylinder (arrows P 2 ). On the other hand, air is passed further 

30 through a separate perforated face t t ^ into connection with the drying cylinder 
placed at the outlet side so as to constitute impingement drying air P 2 . 



WO 99/18287 



PCT/FI98/00777 



25 

When the air flow is passed through the duct 90 into the interior of the hood R, 
thus, a part of the flow is passed into the passage 80 to constitute an impingement 
drying flow, and a part of the flow is passed, to constitute impingement drying 
medium / impingement drying air, through the perforated face Ra through the wire 
5 H into connection with the web W that has been passed onto the face of the drying 
cylinder. As is shown in the figure, at said locations, in connection with the holes 
t l» t 2- — or equivalent, there are additionally exhaust ducts g 1 ,g 2 ..., through which air 
is also passed away out of connection with the wire H / web W into the chamber D 4 
in the interior of the hood R and further into the exhaust duct 92 (by means of 

10 blowers not shown). The jets P x and P 3 are produced at the inlet side and outlet side 
of the pocket space F to prevent flow of air into the pocket space F. In the frame 
portion R" of the hood R extending into the pocket space F, there is a chamber D 2 , 
through which air is sucked out of the interior of the reversing roll S n when said roll 
is a suction roll. In this way, a vacuum is produced in the interior of the cylinder S n , 

15 and a holding suction is applied to the web W through the perforations in the mantle 
of the cylinder S n . If a roll S n exclusively provided with a grooved face is used as 
the reversing roll, by means of the arrangement the grooves can be subjected to a 
vacuum, whereby the web W is kept in contact with the wire on the roll S n . In such 
a case, perforations are not needed in the roll S n . 

20 

In Fig. 7C, the unit 117 is in the other respects similar to the unit 116, but in the 
hood portion R" that extends into the pocket space F there is the chamber Dy alone, 
out of which, through the opening m 30 , jets Pj and P 3 are produced to the inlet side 
and to the outlet side of the pocket space F. The jet P 2 coming from the opening 
25 m 30 additionally operates as an impingement drying jet when an air flow is produced 
into the passage 80 between the curved frame portion R* of the hood R and the 
drying cylinder K n+1 . 

As is shown in Fig. 7C, the unit 118 comprises a hood R which extends in connec- 
30 tion with the adjacent cylinders K n+2 and in which case, through the duct 90, 

impingement drying / runnability air is passed into the interior of the hood R, and 
the air is passed further, in the way described above, into the passage 80 into 
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connection with the drying cylinder K^^, and as impingement drying medium 
through the perforated face t lf t 2 ... or equivalent into connection with the drying 
cylinder K n+3 . Similarly, in this embodiment, the jet P 2 , which is also passed into 
the passage 80, also operates both as a curtain jet and as an impingement drying jet. 
5 The jet P 3 at the outlet side of the pocket space F operates as a jet by whose means 
access of air into the pocket space F is prevented. In connection with the drying 
cylinder Kjj+3, the hood comprises an air discharge face Ra and therein holes t 1 ,t 2 - . . 
or equivalent, through which the impingement drying air is passed into connection 
with the wire H and the web W. 

10 

Fig. 7D shows an embodiment of the invention which is in the other respects similar 
to the embodiment shown in Fig. 7C, but in which the air that has been passed into 
the hood R is made to flow as impingement drying air through the air discharge face 
Ra into connection with both of the drying cylinders Kjj and K^j. Out of the space 

15 D lf runnabiiity jets Pi,P3 are also produced to the inlet side and to the outlet side of 
the pocket space F. By means of the jet Pj, access of air into the inlet nip Nj of the 
reversing roll S n is prevented, and by means of the jet P 3 at the outlet side of the 
pocket space F, the run of the web W at said outlet side is stabilized and, moreover, 
air is blown out of the pocket space F and out of the outlet-side nip N 2 of the 

20 reversing roll S n . 

In Fig. 7D, the air is passed through the duct 90 into connection with the unit 119, 
into the interior of its hood R. The air is divided as impingement drying air P 2 into 
connection both with the drying cylinder Kjj and with the drying cylinder 

25 through the perforations t^... in the hood R or through any other, equivalent air 
discharge face. As is shown in the figure, the hood R portion R w extends into the 
pocket space F, and it has surface forms that correspond to the straight portions of 
the web/wire run and to the curve form of the reversing roll S n at the end of the 
pocket space F. At the inlet side and outlet side of the pocket space F, the frame 

30 comprises air flow openings m 30 for the jets P],P 3 , by whose means access of air 
into the pocket space F is prevented. Into the separate chamber space D 2 at the end 
of the frame portion R", air is sucked through a separate system of ducts (not 
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shown) from outside the frame portion R n of the hood R. Out of the chamber space 
Dj, which also extends partly into the pocket space F, air is removed, besides 
through the perforations t 1 ,t 2 ... to constitute impingement drying air, also through 
the holes m 30 so as to produce runnability jets V x and P 3 . In the embodiment shown 
5 in the figure, out of connection with the drying cylinders, air is also removed into 
the exhaust chambers D 4 , into which the ducts, preferably pipes gj,g 2 , pass, which 
are opened out of connection with the curved face R' of the frame part R of the 
hood R to outside the frame and from the opposite ends into the exhaust chamber D 4 
into the interior of the hood R. Air is sucked into the exhaust chamber D 4 through 
10 the ducts g x and g 2 . Being connected with the ducts gj,g 2 , the exhaust blowers are 
not illustrated separately. 

As is shown in Fig. 7D, the unit 119 has a construction symmetric in relation to the 
vertical central axis Y of the unit 119. Thus, there are two exhaust ducts 91 and 92. 
15 The intake duct 90 is placed on the central axis (Y-axis) of the unit 119. 

The unit 120 shown in Fig. 7D is in the other respects similar to the unit 119, 
except that the hood R portion R M extending into the pocket space F does not include 
a separate chamber space D 2 . 

20 

Fig. 7D further shows a unit 121, in which the hood R extends into connection with 
both of the adjacent drying cylinders K n+2 ,K n+3 and partly into the pocket space F. 
The air is passed through the duct 90 into the hood R interior into the space Dj. In 
the frame portion R" partly extending into the pocket space, the hood R comprises 

25 flow openings m 30 or equivalent, through which jets Pj and P 3 are passed to the 
inlet side and to the outlet side of the pocket space F. From the interior of the hood 
R, flow openings / flow ducts / flow passages t lf t 2 ... further open in connection 
with the drying cylinders K n+2 ,K n+3 so as to pass the impingement drying medium, 
preferably air, through the wire H onto the web W. In this embodiment, the unit 121 

30 does not include separate exhaust ducts / exhaust chambers for the air flow to be 
removed. 
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Fig. 7E shows a hood R construction related, for example, to the unit 119, in which 
ducts g 1 ,g 2 ..., preferably pipes, open into the exhaust chamber D 4 . The pipes 
gl,g2- have been passed further through the curved face R' of the hood R. Similar- 
ly, from the chamber portion D t , holes, openings t^... or equivalent open through 
5 the air discharge face Ra of the curved hood portion R\ in which case impingement 
drying air is passed out of the space Dj into connection with the wire H and further 
with the web W. From outside the hood R, air is also removed through the ducts 
g 1 ,g 2 ... into the chamber space D 4 and further into the discharge duct 92. 

10 Thus, in the solution of equipment in accordance with the present invention, an 
integrated hood R has been formed, which defines, in its interior, chambers/ducts 
through which the impingement drying medium, preferably air or steam, is passed 
into connection with the web W (board web or paper web) in order to dry the web, 
and in which solution of equipment, advantageously the same impingement drying 

15 medium that was introduced into the interior of the hood R is also used to form a 
runnability component, preferably air jets and P 3 , in which case the runnability 
component may consist, for example, of jets substituted for mechanical seals J, by 
whose means access of air into the pocket space F between the drying cylinders 
K n ,K n+1 and the reversing roll S n is prevented. Thus, in a preferred embodiment of 

20 the invention, expressly the same medium, such as air, is used both as the impinge- 
ment drying medium and as the medium that forms the runnability jet/jets. The 
medium is branched in the interior of the hood R in accordance with the invention 
to different sites and purposes of use. 

25 Fig. 8A shows a small portion of a dryer group R, in which there is a drying 
cylinder 10, a perforated reversing cylinder or roll 14, and a nozzle blow unit 20. 
The nozzle blow unit comprises two parts 20A and 20B. The impingement blowing 
out of the parts 20A,20B of the nozzle blow unit takes place through the wire 17. 
The parts 20A,20B of the nozzle blow unit operate in the same way as a normal 

30 impingement drying hood does, i.e. they comprise members for carrying out the 
blowings P and means for removal of moist air. Between the parts 20A,20B of the 
nozzle blow unit 20, there is a gap 20C meant for removal of air. 
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At the point A indicated in Fig. 8A, in the prior-art solutions, the paper tends to 
follow the cylinder 10 in stead of following the wire 17. This produces a stretch in 
the paper W, which stretch hampers the running of the paper farther on the perfor- 
ated roll 14 unless adhesion to the cylinder is prevented. In the shaded area 203)^ of 
5 the part 20B of the nozzle blow unit 20 in accordance with the invention, a vacuum 
is arranged, which keeps the paper W in tight contact with the wire 17, in which 
case no stretch can occur. By means of the suction, it is also achieved that the 
suction substantially reduces the amount of air carried along with the wire into the 
closing nip of the suction roll, which air attempts to form a bag as a result of the 
10 pressure produced by the web in said area. The vacuum is produced by means of 
suction or by means of the principle of ejection or by applying an air jet parallel to 
the wire 17 at the point of separation of the paper W and the cylinder 10. 

In applications known from the prior art, the use of a blow box 20 has also been 
15 justified by means of separation of the paper from the wire 17 face when it arrives 
on the perforated roll 14. Separation of the paper W at said point can, however, be 
prevented by, to the sector 14B of the roll 14, applying a vacuum higher than in the 
prior art, which vacuum keeps the paper W in contact with the wire 17 and with the 
roll 14 face. The vacuum is 1000 ... 10,000 Pa, preferably 2000 ... 4500 Pa. The 
20 pressure in the chamber also depends on the area of the holes, in which connection 
reference is made to the applicant's FI Patent Application 961612. 

The nozzle blow unit 20 in accordance with this embodiment of the invention 
enhances the evaporation and, at the same time, improves the runnability. The 

25 exemplifying embodiment as shown in Fig. 8A can also be applied in accordance 
with Fig. 8B, in which case it is also possible to regulate the pressure that is formed 
in the pocket T. The pocket T is "sealed" by closing it substantially by means of the 
part 20D, in which case access of extra air into the gap of the roll 14 is prevented, 
and separation of the web W does not take place when a sufficiently intensive 

30 suction U is applied to the web in the gap area (Fig. 8B, point 14D). The intensity 
of the suction is 500 ... 10,000 Pa, preferably 2000 ... 4500 Pa. The roll can also 
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be an open roll provided that the necessary sealing has been arranged. The roll can 
also be a roll in which no inner parts are employed in the interior of the roll. 

When the nozzle blow unit is divided into parts in the cross direction, it can also be 
5 used for profiling and for alignment of a distorted moisture profile. 

In the exemplifying embodiments shown in Figs. 8A...8B, the suction blower 22U 
has been integrated in the constructions of the unit 20, and the air that has been 
sucked can be passed favourably, after a heat exchanger and after possible addition 
10 of dry air, at least partly back to impingement drying, as was described above in 
relation to Figs. 6A...6C. 

By means of the nozzle blow units in accordance with Figs. 8A. ..8B, evaporation is 
enhanced and good runnability is maintained. 

15 

In the exemplifying embodiment shown in Fig. 9, impingement drying units 220 
have been fitted in connection with two adjacent drying cylinders 10, by means of 
which impingement drying units impingement drying medium is blown through the 
wire 17 onto the paper web W in order to dry the web. The impingement drying 

20 units 220 are connected with a runnability unit 225, which comprises a pressure 
chamber 230 and a vacuum chamber 240. At the inlet side of the web W, the 
pressure chamber 230 is provided with a nozzle opening 231, in whose connection 
an air guide 232 has been fitted and out of which nozzle opening 231 a runnability 
blowing is blown into the passage between the cylinder 10 and the impingement 

25 drying unit 220, and, similarly, at the outlet side, a nozzle opening 233 has been 
provided in order to arrange a corresponding blowing. The side wall 241 at the inlet 
side at the vacuum chamber 240 is corrugated, and in the bottom of each corrugation 
wave a suction opening has been provided. In this exemplifying embodiment of the 
present invention, by means of the impingement drying units 220 the drying capacity 

30 is increased, and the runnability unit 225 improves the runnability. By means of the 
runnability unit 225 it is ensured that the paper W remains in contact with the wire 
17 on the draw between the cylinder 10 and the reversing roll or cylinder 14. By 
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means of this exemplifying embodiment of the invention, it is ensured in particular 
that the vacuum in the nip is not reduced as a result of the impingement blowings. 
A sealing is provided for the blowing blown through the nozzle opening 231, and in 
the vacuum area air is removed through the suction openings in the corrugated wall 
5 241 . The nozzle blowing and the air guide 232 fitted in its connection stop the layer 
of air that moves along with the wire 17 and prevent pumping of air into the nip. By 
means of the corrugated wall 241 and by means of the holes formed in the valleys 
between the waves, turbulence is produced in the layer of air, and any air that may 
possibly still arrive along with the wire 17, which air is in a state of turbulence, is 
10 removed through the openings. 

In the arrangement shown in Fig. 10, between the blocks 221,222,223 of the 
impingement drying unit 220 and between the ejector part 227 placed between the 
runnability unit 225 and the impingement drying unit 220, out of which ejector part 

15 runnability blowings can be blown, and the last block 223 in the impingement drying 
unit 220, air gaps 251,252,253 have been provided, by whose means removal of air 
is promoted in order that an excessive amount of air should not enter into the closing 
nip. An arrangement of the type shown in Fig. 10 has also been applied in an 
experiment carried out by the applicant, and by means of this arrangement an 

20 additional evaporating capacity of 4... 5 % was achieved per drying cylinder pro- 
vided with an impingement drying unit when the permeability of the wire was 
1500 m 3 /m 2 /h, an additional evaporating capacity of 12... 16 % when the permea- 
bility of the wire was 3700 m 3 /m 2 /h, and an additional evaporating capacity of 
14. . . 17 % when the permeability of the wire was 7500 m 3 /m 2 /h. In the experiments, 

25 temperatures of blowing air lower than 120 °C and blow rates lower than 80 metres 
per second were employed. 

In the embodiments described above, the impingement drying air can be recirculated 
air. It can be moist air taken from the face of a felt, or it may also be fresh dry air. 
30 In the way described above, the impingement drying air can be separately heated, or 
for the impingement drying it is also possible to use steam. 
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In the exemplifying embodiments illustrated in the figures shown above, it is 
possible, as the wire, to employ a what is called sticky wire, whose face has been 
treated in order to ensure holding of the wire. Such a wire has a hydrophilic face, 
which attempts to lock the web on the wires, and, thus, the improved surface 
5 properties also attempt to prevent separation of the web. One such what is called 
sticky wire is the wire marketed by Albany International with the product name 
Aerogrip™, and in respect of said wire reference is also made to the published EP 
Patent Application No. 0,761,872. A sticky wire can also be accomplished in 
compliance with the principles suggested in the US Patent No. 5,397,438. 

10 

Above, the invention has been described with reference to some preferred exemplify- 
ing embodiments of same only, the invention being, however, by no means supposed 
to be strictly confined to said embodiments. Many variations and modifications are 
possible within the scope of the inventive idea defined in the following claims. 



15 



WO 99/18237 



PCT/FI98/00777 



33 

Claims 

1 . A method in the dryer section of a paper/board machine, in which dryer section 
a normal single-wire draw is applied at least partly, in which method the web (W) 

5 is passed through the dryer group on support of a drying wire (17;H), which drying 
wire (17;H) presses the web (W) on the drying cylinders (10,1^,1^+ { . . .) against the 
heated cylinder faces, and on the reversing cylinders or rolls (14,s n ,s n + x . . .) between 
the drying cylinders (10) the web (W) remains at the side of the outside curve, 
characterized in that, in the method, one integrated device is employed, through 

10 which a support suction and/or blowing is produced to produce a suction effect and 
to apply it through the drying wire (17;H) to the web (W) in order to improve the 
runnability of the web (W) and to keep the web (W) on the face of the wire, and 
through which same device, additionally, impingement blowing is produced through 
the drying wire (17;H) in order to dry the web (W) and/or to control its tendency of 

15 curling (FIG. 1 ... FIG. 10). 

2. A method as claimed in claim 1, characterized in that, in the method, a wire 
more open than conventionally is used, whose permeability is in the range 2000 ... 
20,000 m 3 /h/m 2 (cubic metres per hour per square metre). 

20 

3. A method as claimed in claim 1 or 2, characterized in that a device in accord- 
ance with the method as claimed in claim 1 is employed in the end of the dryer 
section for regulation of the curl of the web W and for controlling the tendency of 
curling. 

25 

4. A method as claimed in the preceding claim, characterized in that the device is 
used in an area in which the dry solids content of the web (W) is higher than 60 %. 

5. A method as claimed in claim 1, characterized in that the device is used in the 
30 area of principal evaporation in the dryer section of a paper machine. 
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6. A method as claimed in any of the preceding claims 1 to 5, characterized in 
that, in the method, the same medium as is used as drying medium for the web (W) 
in impingement drying is also used for controlling the runnability of the web. 

5 7. A method as claimed in any of the preceding claims, characterized in that the 
impingement drying medium is preferably air, most advantageously heated air, or 
steam, and that a device is used that comprises an integrated hood (R) for the 
device, which hood extends both into the pocket space (F) and into connection with 
the drying cylinders (K^K^..) and across the machine width. 

10 

8. A method as claimed in any of the preceding claims, characterized in that, in 
the method, heating medium, preferably air or steam, is also passed as a curtain jet 
to the inlet side and/or outlet side of the pocket space (F), and/or said heating 
medium is passed as an ejection jet to the inlet and/or outlet side of the pocket space 

15 (F), preferably onto straight web/wire runs and/or onto the face of a grooved and/or 
perforated reversing roll (S n ,S n+1 ...). 

9. A method as claimed in ciaim 1, characterized in that the web (W) is dried 
through the wire (17) by means of blowings (P 2 ) produced by means of a blow box 

20 (20), by means of which blowings (P 2 ), on the straight runs of the paper web (W) 
and the wire (17;H) between the reversing cylinders or rolls (14;S n ,S n+1 ,S n + 2 —) 
and the drying cylinders (10;^,!^+^..), at the outlet side, at the same time, the 
support contact between the paper web (W) and the wire (17;H) is enhanced in order 
to improve the runnability of the web (W). 

25 

10. A method as claimed in claim 9, characterized in that, in the method, at the 
outlet side of the pocket space (F), out of a blow box (20) a runnability /drying 
blowing (P 3 ) is blown in the running direction of the web (W) (FIG. 1). 

30 11. A method as claimed in claim 9, characterized in that, in the method, dry air 
is used for the drying/runnability blowings (P 2 ,P 3 ) at the outlet side, and that 
circulating air is used for the runnability blowings (P t ) at the inlet side (FIG. 2). 
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12. A method as claimed in claim 9, characterized in that, in the method, the 
drying blowings (P 2 ) are extended over the drying cylinder (10) in order to consti- 
tute impingement-drying/through-drying blowings. 

5 13. A method as claimed in claim 3 or 4, characterized in that the method is 
applied when the dry solids content of the web (W) is higher than 65 %. 

14. A method as claimed in claim 2, characterized in that the method is applied at 
a permeability of the wire (17) in a range of 4000 ... 10,000 m 3 /h/m 2 . 

10 

15. A method as claimed in any of the preceding claims, characterized in that, in 
the method, as the drying fabric, a wire is employed whose face has been treated in 
order to improve the holding of the web. 

15 16. A method as claimed in any of the preceding claims, characterized in that, in 
the method, at least a part of the impingement drying medium is removed through 
air gaps (251,252) fitted between the blocks (221,222,223,224) of the impingement 
drying unit (220) and/or through air gaps (253) fitted between the impingement 
drying unit (220) and the runnability unit (225) and the connected ejector unit (227). 

20 

17. A method as claimed in any of the preceding claims, characterized in that, in 
the method, carriage of the impingement drying medium along with the wire (17) 
into the pocket space is prevented by means of a blowing arranged in connection 
with the runnability unit (225), blown out of the nozzle opening (232), and directed 

25 by means of the air guide (231). 

18. A method as claimed in any of the preceding claims, characterized in that, in 
the method, a block (201^) that communicates with a source of vacuum is employed 
at the outlet edge of the impingement drying unit (20B) in order to produce a 

30 vacuum in the area of the outlet edge of the impingement drying unit (20B). 
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19. A method as claimed in any of the preceding claims, characterized in that, in 
the method, a blower (220) is employed in order to produce vacuums and/or pres- 
sures in connection with the impingement drying unit (20A,20B) and/or in connec- 
tion with the runnability unit (20D). 

5 

20. A device in the dryer section of a paper/board machine, which dryer section is 
at least partly accomplished by means of dryer groups with normal single-wire draw, 
in which dryer groups the web (W) is fitted to be passed through the dryer group on 
support of a drying wire (17;H), and in which dryer groups there are drying 

10 cylinders (10;^,!^+ { . . .), against whose heated cylinder faces the web (W) is fitted 
to be pressed by means of the drying wire (17,H), and in which dryer groups, on the 
reversing cylinders or rolls (14;S n ,S n+1 ...) between the drying cylinders (10), the 
web (W) is placed at the side of the outside curve, characterized in that, in the 
dryer groups, in the pocket space (F) between two adjacent drying cylinders 

15 (10;K n ,K n+ |...) and the reversing cylinder or roll (14;S!,S 2 ..-) placed between 
them, a device (R,20) has been fitted, by means of which device (R,20) a suction 
effect is applied to the web through the drying wire (17;H) in order to improve the 
runnability of the web by means of blowing and/or support suction (P l5 P 3 ), and by 
means of which same device additionally impingement blowing air (P 2 ) is supplied 

20 into connection with the web (W) through the drying wire (17;H) in order to dry the 
paper/board web (W). 

21. A device as claimed in claim 20, characterized in that the permeability of the 
wire (17,H) that is used in connection with the device is in the range 2000 . . . 20,000 

25 m 3 /h/m 2 (cubic metres per hour per square metre). 

22. An equipment as claimed in the preceding claim, characterized in that the 
equipment has been fitted in the area of the dryer section in a dryer group/groups in 
which, during running, the web (W) has a dry solids content higher than 60 %. 

30 

23. A device as claimed in the preceding claim, characterized in that the device 
comprises a hood (R) that has been fitted so that its frame portion (R") extends into 
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the pocket space (F) at least partly and so that the hood extends from the discharge 
face (Ra) of impingement drying air additionally, at least partly, so that it is curved 
along the face(s) of the drying cylinder/cylinders (14;K 1 ,K 2 ...)» and which hood (R) 
extends across the machine width. 

5 

24. A device as claimed in claim 20 or 22, characterized in that the device 
comprises means by whose means air that has been removed out of the pocket space 
(F) between a drying cylinder (K^K^^..) and a suction roll (S n ,S n+l ...) can be 
transferred, either directly or through heating and/or drying, into connection with the 

10 web (W) (FIG. 6A). 

25. A device as claimed in any of the preceding claims 20 to 24, characterized in 
that the device comprises such a hood (R) as extends into the pocket space (F) 
between drying cylinders (K^K^^..) and from which there is a flow opening 

15 (n*3Q, m^) through which air (P 2 ) is passed from the interior of the hood (R) into 
the passage (80) between the curved face (R*) of the hood and the drying cylinder 
(Kjj) in the direction opposite to the running direction of the web (W) and the wire 
(H) to constitute impingement drying air and preventive air so that no air flows 
through said curved passage (80) into the pocket space (F) (FIG. 7A, FIG. 7C, FIG. 

20 7D). 

26. A device as claimed in any of the preceding claims, characterized in that the 
device comprises such a hood (R) frame portion (R") fitted in the pocket space (F) 
through which air is sucked into a separate compartment or chamber space (D 2 ) and 

25 further out of connection with the hood (R), and that the hood (R) comprises a 
second compartment or chamber space (Dj), through which air is passed as impinge- 
ment drying air onto the drying cylinder (K^) placed after the pocket space (F) (FIG. 
6B, FIG. 7B; FIG. 7C, FIG. 7D). 

30 27. A device as claimed in claim 26, characterized in that the hood (R) comprises 
such an inside compartment (D{) out of which air is passed, besides as impingement 
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drying air through the wire (H) into connection with the web (W) that is passed in 
connection with a drying cylinder, also as a runnability jet (Pj) (FIG, 6C). 

28. A device as claimed in claim 20, characterized in that the frame portion (R") 
5 of the hood (R) that extends into the pocket space (F) comprises a compartment (D 2 ) 

into which a vacuum is passed and into which air is sucked from the interior of the 
reversing roll (S n ) when the reversing roll (S n ) is a perforated suction roll in respect 
of its mantle, which suction roll does not include an inside suction box (FIG. 6B, 
FIG. 6C, FIG. 7C, FIG. 7D). 

10 

29. A device as claimed in claim 20, characterized in that the device comprises a 
hood (R) into whose interior air is introduced, in which connection the hood extends 
into the pocket space (F) and into connection with the outlet side drying cylinder 
(K^), as viewed in the running direction of the web (W), in which connection air is 

15 passed through the perforations (t 1 ,t 2 ,t 3 ...) or equivalent in the perforated face (Ra) 
in the hood (R) as impingement drying air through the wire (H) into connection with 
the web (W) (FIG. 7B). 

30. A device as claimed in claim 29, characterized in that, from the interior of the 
20 hood (R), additionally an air jet (Pj) is passed to the inlet side of the pocket space 

(F) to produce a preventive jet so that air cannot pass into the pocket space (F), and 
a second air jet (P 2 ) is passed at the outlet side of the pocket space (F) to constitute 
an ejection jet so as to remove air out of the pocket space (F), in which case said jet 
is preferably directed as parallel to the running direction of the wire, in which case 
25 it operates both as a jet that removes air in evacuation of air out of the pocket space 
(F) and as a jet that produces a vacuum between the hood (R) and the wire (H), in 
which connection the vacuum is transferred through the wire (H), and the web (W) 
adheres, by means of the vacuum thus produced, to the wire face, and the running 
of the web (W) is stabilized (FIG. 7B). 

30 

31. A device as claimed in claim 20, characterized in that, in connection with the 
drying cylinder (K^) and with the subsequent suction roll (S n ) and with the subse- 
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quent drying cylinder (K^ i ), the device comprises impingement drying units and 
runnability units (116,117,118;119,120,121), whose hood (R) extends into connec- 
tion with both of the drying cylinders (K n ,K n+1 ) and, further, into the pocket space 
(F) placed between the drying cylinders (K^K^ j), in which connection the air that 
5 has been passed into the interior of the frame (R) is passed as impingement drying 
air into connection with both of the drying cylinders (K^K^ t ) and further as seal 
or curtain jets to prevent any flow of air into the pocket space (F), in which case a 
jet that prevents a flow of air into the pocket space is placed at the inlet side and/or 
outlet side of the pocket space (F) (FIG. 7C, FIG. 7D). 

10 

32. A device as claimed in claim 20, characterized in that, in their connection, the 
drying cylinders (K^K^j) comprise a hood (R), which extends into the pocket 
space (F), and that out of the hood (R) there is a flow opening (hv^q), a flow gap or 
equivalent, through which air is made to flow into the passage (80) between the 

15 curved frame face (R') of the hood (R) and the drying cylinder (K^K^i) and as 
impingement drying air into connection with the web (W) (FIG. 7C, FIG. 7D). 

33. A device as claimed in claim 32, characterized in that the device comprises a 
hood (R) into whose interior heating medium, such as dry air, is introduced so that 

20 a part of the air is passed through the curved perforated face (Ra) or equivalent 
placed in connection with the drying cylinder (Kq) at the outlet side of the pocket 
space (F) through the wire (H) into connection with the web (W) to constitute 
impingement drying air, and that a part of the air that has been introduced into the 
interior of the hood is passed into the hood (R) portion (R rt ) extending into the 

25 pocket space (F) and further as a jet at the inlet side and/or outlet side of the pocket 
space (F) into the gap between the hood (R) and the wire (H) face to prevent a 
leakage flow of air into the pocket space (F) (FIG. 7C, FIG. 7D). 

34. A device as claimed in claim 20, characterized in that into the pocket space (F) 
30 a blow box (20) has been fitted, by whose means an ejection blowing (Pj) is fitted 

to be produced onto the straight runs between the drying cylinders (i0) and the 
reversing cylinders or rolls (14) in order to improve the runnability at the inlet side, 
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and that, by means of said blow box (20), blowings (P 2 ) that dry the paper web (W) 
at the outlet side are fitted to be produced, which blowings (P 2 ) are fitted to be 
blown towards the web (W) through the wire (17) (FIG. 1 ... FIG. 4). 

5 35. A device as claimed in claim 34, characterized in that the blow box (20) that 
forms the device comprises an additional nozzle at the outlet side in order to produce 
a runnability /drying blowing (P 3 ) to be blown in the running direction of the web 
(W) (FIG. 4). 

10 36. A device as claimed in claim 34, characterized in that the side wall (26) of the 
blow box (20) at the outlet side follows the face of the adjacent cylinder (10) at the 
distance of the necessary safety clearance (FIG. 4). 

37. A device as claimed in claim 34, characterized in that there is an ejection 
15 nozzle at the inlet side of the blow box (20) (FIG. 3). 

38. A device as claimed in claim 34, characterized in that the nozzles of the blow 
box (20) at the outlet side are direct-blow nozzles (FIG. 4). 

20 39. A device as claimed in claim 20, characterized in that the hood portion (R") 
fitted in the pocket space (F) between the drying cylinders comprises at least one 
mechanical seal (J) between the hood (R) and the wire and/or between the hood (R) 
and a reversing roll (S), the function of said seal being to prevent access or air past 
the seal (J) and the connected face (FIG. 7A, FIG. 7B). 

25 

40. A device as claimed in claim 20, characterized in that the equipment comprises 
a chamber (Pj) inside the hood (R) in the vicinity of the drying cylinder, out of 
which chamber impingement drying medium, preferably impingement drying air, is 
passed through holes (tj,^...) or equivalent into connection with the wire (H) and 
30 further with the web (W), and that there are separate ducts (gj»g2-»«) from outside 
the hood (R) into an exhaust chamber (D4) inside the hood (R), into which chamber 
air to be removed is sucked out of connection with the wire (H). 
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41. A device as claimed in claim 21, characterized in that the permeability of the 
wire (H) is in the range 4000 ... 10,000 m 3 /h/m 2 . 

42. A device as claimed in any of the preceding claims 20 to 41, characterized in 
5 that the drying fabric is a wire whose face has been treated in order to improve the 

holding of the web. 

43. A device as claimed in any of the preceding claims 20 to 42, characterized in 
that exhaust gaps (251,252,253) have been fitted between the blocks (221,222,223, 

10 224) in the impingement drying unit (220) in order to remove at least a part of the 
impingement drying medium. 

44. A device as claimed in any of the preceding claims 20 to 43, characterized in 
that, in connection with the runnability unit, a nozzle blowing has been arranged in 

15 order to prevent carriage of the impingement drying medium along with the wire 
(17) into the pocket space. 

45. A device as claimed in claim 44, characterized in that the wall of the runna- 
bility unit (225) at the inlet side of the web (W) is corrugated and communicates 

20 with a suction chamber (24) through suction openings. 

46. A device as claimed in any of the preceding claims 20 to 43, characterized in 
that, in connection with the impingement drying unit (20A,20B), at its outlet edge, 
there is a block (20Bi), which communicates with a source of vacuum. 

25 

47. A device as claimed in any of the preceding claims 20 to 46, characterized in 
that, in connection with the device, a blower (220) has been fitted in order to 
produce the necessary vacuums/pressures. 

30 48. A device as claimed in any of the preceding claims 20 to 47, characterized in 
that the device comprises a blower (220) for producing the vacuum necessary in the 
device, which blower is connected with a heat exchanger to pass the air that has 
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been sucked through the heat exchanger, and after possible addition of dry air, to 
pass the air back into the impingement drying units (20A,20B). 
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